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OVERVIEW

e SNR 1987A

e Balmer-Dominated Supernova Remnants

e Summary
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THE DOUBLE SHOCK STRUCTURE
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Courtesy of Dick McCray and Chandra Press Release Team
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High velocity debris crosses the
reverse shock at ~ 12,000 km s-I.

“Shock velocity”: freely-streaming
hydrogen atoms in the rest frame
of the reverse shock

(~ 8000 km s1).
Post-shock ions: ~ 2000 km s1.

Key point: fast atoms, slow ions.




SURFACE VS. “INTERIOR” EMISSION

—

To observer

+10000 km/s ~ +5000 km/s

Heng et al. (2006)

e Freely streaming assumption for debris means there is a unique mapping of redshift to

depth.
° Surface emission: occurs at reverse shock surface.

e Interior emission: appears to originate from beneath reverse shock surface.




LOW-RESOLUTION HUBBLE/
STIS SPECTROSCOPY
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EVOLUTION OF THE HX 8 LY
REVERSE SHOCK EMISSION
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EVOLUTION OF THE HX 8 LY
REVERSE SHOCK EMISSION
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Ha: ~3 over 5 years.
Lya: ~9 over 5 years. Heng et al. (2006)




BLEACHING OUT OF THE
REVERSE SHOCK EMISSION?
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Ground-based observations are
optimal for tracking the global
evolution of the reverse shock.

Magellan: high spectral, low spatial
resolution, higher S/N.
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e Ground-based observations are
optimal for tracking the global

evolution of the reverse shock. Heng et al. (2006)

Magellan: high spectral, low spatial
resolution, higher S/N.




BLEACHING OUT OF THE
REVERSE SHOCK EMISSION?

100 ¢

Ground-based observations are
optimal for tracking the global
evolution of the reverse shock.

Magellan: high spectral, low
spatial resolution, higher S/N.
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BALMER-DOMINATED SNRS
VvS. SNR 1987A

Balmer-Dominated SNRs SNR 1987A




BALMER-DOMINATED SNRS
VvS. SNR 1987A

vs ~ 10,000 km /s
R=Uope

Stationary H | blast wave

Ik~ 10 pc

blast wave reverse

shock

slow atoms,

fast atoms,

fast ions!

Balmer-Dominated SNRs SNR 1987A

slow ions!







WHAT ARE BALMER-
DOMINATED REMNANTS?

Supernova remnants whose
spectra are dominated by Hx
and other Balmer lines.

Forbidden lines such as
[S II] and [N II] are either absent
or unusually weak.

Chevalier & Raymond (1978) first
predicted the two-component line
profiles seen in such remnants.

Two years later, Chevalier,
Kirshner & Raymond (1980)
observed the first example in
Tycho’s remnant.
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LINE EMISSION PHYSICS

Narrow: H+p-->H*+p
Broad: H+p->p+H--->H"

Broad: H+p--->p +H"

Chevalier & Raymond (1978): collisionless shock running into a partially neutral
medium.

Line widths are characteristic of the temperatures of the media.
Direct collisional excitation produces narrow line emission.
Charge transfer reactions yield hydrogen atoms in broad distributions.

Broad line emission comes from both excitation and charge transfer to excited states.




BROAD-TO-NARROW RATIO
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BROAD-TO-NARROW RATIO
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THE SHOCK TRANSITION ZONE
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THE SHOCK TRANSITION ZONE

Velocity Density
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THE SHOCK TRANSITION ZONE

Velocity Density
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